Introduction
The pear (Pyrus spp.) is widely distributed and is one of the most widely consumed fruits in the world (1) . The fruit is often used in processed foods such as beverage, puree, jellies, and jams, but the majority is eaten fresh (2) . Nevertheless, an investigation into the chemical constituents and biological activities of the pear has not been fully conducted. This might be because pear fruits do not have a characteristic color and flavor, which is different from apple, grape, and citrus fruits. In a series of our recent studies on the chemical constituents contained in pear fruit, various compounds were identified such as phenylpropanoid malate derivatives (3), caffeoyl triterpenes (4) , and other phenolics including flavonoids (5) (6) (7) (8) , from the fruit of P. pyrifolia Nakai cv. Chuhwangbae, which is one of the most highly consumed pear cultivars in Korea (3) . In addition, the levels of major chemical constituents (arbutin, chlorogenic acid, malaxinic acid, total caffeic acid, total flavonoids, and total phenolics) and antioxidative activities decreased gradually in the fruits of seven pear cultivars as they developed (9) . In other word, phenolic compound contents as well as antioxidative activities in immature pear fruits were overwhelmingly higher than those in mature pear fruits. Therefore, the immature pear fruit might be used as a source of bioactive compounds and functional foods.
Immature pears are handpicked soon after florescence to harvest high quality fruits (10) . In this process, one fruit in a cluster of seven or eight often remains and is ultimately discarded (11) . Considering the annual output of mature pear fruits (12) , the sum of the discarded immature pear fruits is estimated to be about 15,000 tons/ year in Korea. Nevertheless, most of the discarded immature pear fruits are unused.
Many studies on fermentation to increase the health benefits of natural food sources have been performed (13, 14) . To indicate the uses of immature pear fruits, we applied the fermentation method to fruits of Pyrus pyrifolia cv. Niitaka, which is the most commonly produced pear fruit in Korea (15) . The fermented immature pear fruits (FIPF) were prepared with various food microorganisms, including seven bacteria and two fungi. The FIPF prepared with Leuconostoc mesenteroides (Lm-FIPF) and Aspergillus oryzae (Ao-FIPF) showed higher DPPH radical-scavenging activities than those prepared with other microorganisms and these activities were higher than those in the unfermented immature pear fruits (UIPF) (15) . In this study, the antioxidative and antimicrobial activities of Lm-FIPF and Ao-FIPF before and after fermentation were compared.
Materials and Methods
Materials Immature pear fruits of Pyrus pyrifolia Nakai cv. Niitaka were cultivated in Naju city, Korea. Fresh immature pear fruits were collected on May 15, 2014, 30 days after florescence. The collected immature pear fruits were immediately frozen with dry ice and stored at −70 o C. Fermentation of the immature pear fruits was performed within 2 months of storage. The immature pear cultivar used in this study was identified by Prof. Wol-Soo Kim, Laboratory of Pomology, College of Agriculture and Life Science, Chonnam National University. A voucher sample (NTK, JNU PE 20111015) was previously deposited in the herbarium of the laboratory.
Chemicals Gallic acid, (-)-epicatechin, tyrosinase (EC 1.14.18.1, from mushroom), ferulic acid, sodium nitrite, aluminum chloride, ABTS, and benzoic acid were purchased from Sigma-Aldrich Co. (St. Louis, MO, USA). Miconazole, econazole, DPPH, and copper (II) sulfate were obtained from Wako Pure Chemical Industries Ltd. (Osaka, Japan). Sodium carbonate and Folin & Ciocalteu's reagent were purchased from Junsei Chemical Industries Ltd. (Osaka, Japan) and Nacalai Tesque (Kyoto, Japan), respectively. All other chemicals and solvents were of analytical grade.
Microorganisms and culture medium for fermentation A. oryzae KCCM 11372 and L. mesenteroides KCTC 13374 were obtained from the Korean Culture Center for Microorganisms (KCCM, Seoul, Korea) and the Korean Collection for Type Culture (KCTC, Daejeon, Korea), respectively. The tested microorganisms were grown by subculturing periodically on agar medium and were maintained at 4 o C before use. The media used were potato dextrose broth (4 g of potato starch and 20 g of dextrose, per L, pH 5.1) for A. oryzae and deMan, Rogosa and Sharpe (MRS) broth (5 g of beef extract, 10 g of dextrose, 2.5 g of sodium acetate, 2.5 g of yeast extract, 5 g of proteose peptone, 1 g of ammonium citrate, 1 g of dipotassium phosphate, 0.5 g of polysorbate 80, and 0.05 g of magnesium sulfate, per L, pH 6.2) for L. mesenteroides. The media were sterilized by autoclaving at 15 psi and 121 o C. Both microorganisms were incubated for 24 h at 30 o C on the base of growth curves (data not shown) and the broths were used for fermentation of immature pear fruits, respectively.
Fermentation of immature pear fruits
The immature pear fruits after thawing were homogenized and sterilized. The sterilized immature pear fruits (50 g fresh wt.) were inoculated with a 3% (v/w) suspension of A. oryzae and L. mesenteroides, and incubated for 2 days at 30 o C and 120 rpm in an incubator.
Extraction of fermented immature pear fruits The UIPF and FIPF (50 g fresh wt.) were homogenized (T-50 Ultra Turrax; Ika, Seoul, Korea) with 150 mL of methanol (MeOH). After standing for 30 min, the homogenates were filtered with filter paper No. 2 (Whatman, Maidenstone, UK). The combined extract solutions were concentrated under vacuum at 38 o C. The concentrates (50 g fresh wt. eq./20 mL MeOH) were dissolved with 20 mL of MeOH. These solutions were used to determine the chemical constituents and biological activities.
Determination of total phenolic content Total phenolic content in the fermented immature pear fruits was measured using FolinCiocalteu's method (16) . Briefly, the MeOH extracts (12.5 mg fresh wt. eq.) were mixed with H 2 O (0.5 mL), saturated Na 2 CO 3 solution (0.5 mL), and Folin-Ciocalteu phenol reagent (0.5 mL). The mixture was incubated at room temperature for 30 min. Then, the filtrate was analyzed using a spectrophotometer (700 nm, UVmini-1240; Shimadzu, Kyoto, Japan). Total phenolic content (gallic acid equivalent, GAE) of the samples was quantified based on a calibration curve of GA, which was used as the standard.
Determination of total flavonoid content Total flavonoid contents in fermented immature pear fruit extracts were determined using a colorimetric method (9) with slight modifications. Briefly, the MeOH extracts (25 mg fresh wt. eq.) of UIPF and FIPF were mixed with distilled water (900 μL) and 5% sodium nitrate (70 μL), respectively. Each mixture was held at room temperature for 5 min. Then, 10% aluminum chloride solution (150 μL) was mixed with 1 N NaOH (500 μL) and distilled water (280 μL). The mixture was filtered with a 0.45-μm Millipore membrane filter and analyzed using a spectrophotometer (517 nm, Shimadzu). Total flavonoid content was presented in catechin equivalents (CE), based on the standard curve of catechin.
Determination of DPPH radical-scavenging activity Free radicalscavenging activity was determined using DPPH radicals according to the modified method of Cho et al. (9) . Briefly, the MeOH extracts (37.5 mg fresh wt. eq.) from UIPF and FIPF were added to 1 mL of DPPH radical ethanol solution (500 mM, for a final concentration of 250 mM), respectively. Two milliliters of each solution was completed with ethanol, mixed, and allowed to stand for 30 min in the dark. The absorbance (RS) of the sample mixture was measured at 517 nm. The DPPH radical-scavenging activity of each sample was determined based on the percentage decrease in the absorbance from a blank test. DPPH radical-scavenging activities were determined as follows: C. The absorbance of the supernatant was measured using a spectrophotometer (735 nm, Shimadzu), and the ABTS + radicalscavenging activity was calculated as follows:
Determination of reducing power The reducing powers of UIPF and FIPF were determined using a modification on the method of Oyaizu (18) . Briefly, the fermented immature pear fruit extracts (25 mg fresh wt. eq.) were mixed with 80% ethanol (0.5 mL), 0.2 M sodium phosphate buffer (pH 6.6, 0.5 mL), and 1% potassium ferricyanide solution (0.5 mL). Each mixture was incubated in a water bath at 50 o C for 20 min. Then, the reacted solution was mixed with 10% trichloroacetic acid solution (0.5 mL). After centrifugation for 5 min at 9,800× g at 4 o C, the supernatant (0.75 mL) was diluted with distilled water (0.75 mL). The solution was mixed with 0.1% ferric chloride solution (0.1 mL). The mixture was allowed to stand for 10 min at room temperature and the absorbance was measured at 700 nm. Ferulic acid was used as a positive control.
Determination of hydroxyl radical-scavenging activity Hydroxyl radical-scavenging activity was determined according to the modified method of Xiao et al. (13) . A mixture of 1 mM FeSO 4 (400 μL), 1 mM phenanthroline (400 μL), and 0.01% H Determination of superoxide anion radical-scavenging activity Superoxide anion radical-scavenging activity was determined according to the modified method of Xiao et al. (13) . A mixture of 390 μM nicotinamide adenine dinucleotide (300 μL) and 250 μM nitroblue tetrazoluim (300 μL) was prepared and added to the solution (100 μL) containing the MeOH extracts from UIPF and FIPFs (20 mg fresh wt. eq.). After addition of 250 μM phenazine methosulfate 100 μL, the mixture was incubated at 37 o C for 5 min. The absorbance of the reaction mixture was measured at 540 nm. Ascorbic acid was used as a positive control.
Superoxide anion radical-scavenging activity (%) =[(control-RS)/control]×100
Determination of the inhibitory effects of UIPF and FIPF against copper ion-induced peroxidation in rat blood plasma The antioxidative activities of the fermented immature pear fruits were determined by measuring their inhibitory effects against the accumulation of cholesteryl ester hydroperoxide (CE-OOH) with induced oxidation by copper ion in diluted rat blood plasma (19 C under a 12-h dark/light cycle and fasted for 12 h before blood collection. After anesthesia with diethyl ether, the abdomen wall of rat was opened, and blood was collected from the abdominal aorta. The blood containing heparin was centrifuged (1,500× g) at 4 o C for 20 min and the isolated plasma was used immediately for experiments or stored at 40 o C for no longer than 1 week. The plasma samples (3,000 μL each) were mixed with the MeOH extracts from UIPF and FIPF (6.25 mg fresh wt. eq.) in phosphated buffered saline (PBS, pH 7.4, 650 μL). Oxidation of the mixtures was initiated by the addition of 100 μL CuSO 4 -PBS solution (final concentration, 100 μM) and incubated at 37 o C for 8 h with continuous shaking. The reaction mixture (100 μL) was mixed with MeOH (3 mL) containing 2.5 mM 2,6-di-tert-butyl-4-methylphenol to obtain CE-OOH. The mixture was sonicated (Power Sonic 4200; Hwashin, Ulsan, Korea) for 1 min, and extracted with n-hexane (2 mL, two times) by vortexing vigorously for 1 min to obtain the upper layer (n-hexane). Obtained n-hexane layers were combined and evaporated in a rotary evaporator at room temperature. The concentrate was dissolved in 100 μL MeOH/CHCl O containing 2% acetic acid as the mobile phase at a flow rate of 1.0 mL/min with monitoring at 280 nm (Shimadzu). Tyrosinase inhibitory activity of each sample was reversely calculated with decreasing rate of DOPA peak area from a blank test on HPLC chromatogram.
Determination of antimicrobial activity
The antimicrobial activities of UIPF and FIPF were measured by an agar disc diffusion method (21) . Sterilized agar (80 mL) containing a cultured microorganism (0.2 mL) was extended with equal thickness on petriplates (ϕ 15 cm petri dish, Corning, New York, USA). The MeOH extracts from UIPF and FIPF (250 mg fresh wt. eq.) were dissolved in MeOH (25 μL), then used to impregnate sterilized paper discs (diameter 6 mm, Advantec Toyo Kaisha Ltd., Tokyo, Japan). A paper disc treated with a MeOH extract from pear fruit was placed on a solid plate. Each microorganism was incubated at the optimal growth temperature for 16 h and the antimicrobial activity was measured by the diameter (mm) of inhibition zone. Miconazole (225 nmol), econazole (225 nmol), and benzoic acid (9 μmol) were used as positive controls.
Statistical analysis Data were displayed as the mean±standard deviation (SD) using the Statistical Package for Social Sciences 19.0 program (SPSS Inc., Chicago, IL, USA). Statistical differences were assessed by one-way analysis of variance followed by the TurkeyKramer test. Values of p<0.05 were considered significant.
Result and Discussion
Total phenolic and flavonoid contents Total flavonoid and phenolic contents in the MeOH extracts of Lm-and Ao-FIPFs were determined by the colorimetric method with aluminum chloride (9) and FolinCiocalteu's method (16), respectively. The total flavonoid and phenolic contents of Lm-and Ao-FIPFs are shown in Fig. 1 . Lm-FIPF showed significantly higher total flavonoid content (85.6±4.4 mg CE/ 100 g fresh wt. eq.) than Ao-FIPF (54.7±2.1 mg/100 g fresh wt. eq.) or UIPF (55.4±2.4 mg CE/100 g fresh wt. eq.) (Fig. 1A) . There was no significant difference in total flavonoid content between Ao-FIPF and UIPF. The total phenolic contents of Lm-and Ao-FIPFs were 130.7± 2.3 and 141.8±7.8 mg GAE/100 g fresh wt. eq., respectively, which were significantly higher than the content of UIPF (119.3±3.4 mg GAE/100 g fresh wt. eq.) (Fig. 1B) . In addition, total phenolic content in Ao-FIPF was significantly (p<0.05) higher than that in UIPF. However, there was no significant difference in total phenolic content between Lm-FIPF and UIPF.
DPPH radical-scavenging activity The radical-scavenging activities of Lm-and Ao-FIPF MeOH extracts were evaluated using DPPH radicals. The UIPF and FIPF (MeOH extract, 37.5 mg fresh wt. eq.) showed significantly higher DPPH radical-scavenging activity than α-tocopherol activity (39.2±1.5% at a concentration of 50 μg), which was used as a positive control (Fig. 2A) . Interestingly, Lm-FIPF (94.1± 0.1%) exhibited higher DPPH radical-scavenging activity than UIPF (75.3±0.3%) (Fig. 2A) . In contrast, Ao-FIPF (69.5±0.4%) showed weaker DPPH radical-scavenging activity than UIPF.
ABTS + radical-scavenging activity The radical-scavenging activities of the Lm-and Ao-FIPF MeOH extracts were evaluated using ABTS + radicals. Lm-FIPF (79.6±1.0%) (MeOH extract, 37.5 mg fresh wt. eq.) showed higher ABTS + radical-scavenging activity than either UIPF (54.5±1.5%) or Ao-FIPF (57.9±0.3%) (Fig. 3B) . However, the ABTS + radical-scavenging activities of UIPF and Ao-FIPF were not significantly different (p<0.05) (Fig. 2B) . These results were similar to those of DPPH radical-scavenging activity, described above.
Reducing power The reducing powers of UIPF and FIPF are shown in Fig. 2C . The reducing power of Lm-FIPF was significantly higher than that of UIPF. In addition, the Lm-FIPF MeOH extracts (0.52±0.03, absorbance values at 700 nm) at a concentration of 25 mg fresh wt. eq. showed significantly higher reducing capability than ferulic acid (50 μg, 0.222±0.032, absorbance values at 700 nm). However, Ao-FIPF (0.132±0.002, absorbance values at 700 nm) at a concentration of 25 mg fresh wt. eq. was similar to UIPF (0.132±0.002, absorbance values at 700 nm). These capacities were lower than that (50 μg, 0.222±0.032, absorbance values at 700 nm) of ferulic acid.
Hydroxyl radical-scavenging activity The hydroxyl radical-scavenging activities of UIPF and FIPF are shown in Fig. 3A . Lm-FIPF (MeOH extract, 2.5 mg fresh wt. eq.) showed significantly higher hydroxyl radical-scavenging activity (87.4±2.9%) than either UIPF (59.8±7.6%) or Ao-FIPF (63.5±2.9%). In addition, Lm-FIPF was more effective in higher hydroxyl radical-scavenging than quercetin (67.9±3.8%) at a concentration of 2 μg. However, the hydroxyl radical-scavenging activities of UIPF and Ao-FIPF were not significantly different (p<0.05).
Superoxide anion radical-scavenging activity The superoxide anion radical-scavenging activities of UIPF and FIPF are shown in Fig. 3B . UIPF and FIPF (2.5 mg fresh wt. eq.) showed significantly higher superoxide anion radical-scavenging activity than that of ascorbic acid at a concentration of 10 μg (Fig. 3B) . Lm-FIPF showed the highest superoxide anion radical-scavenging activity (69.3±0.4%). However, Ao-FIPF (55.1±1.0%) exhibited significantly lower superoxide anion radical-scavenging activity than UIPF (64.9±2.7%).
Inhibitory activity against CE-OOH formation in rat blood plasma After the addition of the MeOH extracts (6.25 mg fresh wt. eq.) of UIPF and FIPF in plasma, lipid peroxidation was initiated by adding copper ions, and the inhibitory effect of the pear fruit extracts was determined by measuring the CE-OOH concentration (Fig. 4) . The CE-OOH concentration in copper ion-induced rat blood plasma of the control group was 21.8±1.1 μM. Interestingly, UIPF, Lm-FIPF, and Ao-FIPF all strongly inhibited CE-OOH formation in the copper-induced rat blood plasma. In particular, Lm-FIPF (5.9±0.6 μM) exhibited a significantly stronger inhibitory effect against CE-OOH formation than UIPF (9.0±0.1 μM) and Ao-FIPF (10.1±0.3 μM). Ao-FIPF showed slightly greater inhibition of CE-OOH formation than UIPF, but this difference was not significant.
Tyrosinase inhibitory activity The tyrosinase inhibitory activities of UIPF and FIPF are shown in Fig. 5 . At a concentration of 75 mg fresh wt. eq., tyrosinase inhibitory activity was as follows: Lm-FIPF (64.3± 6.6%)>UIPF (35.3±9.6%)≥Ao-FIPF (24.8±5.1%). The tyrosinase inhibitory activity of Lm-FIPF was slightly higher than that of ascorbic acid at a concentration of 10 μg, although this difference was not significant. However, Ao-FIPF exhibited lower tyrosinase inhibitory activity than UIPF.
Antimicrobial activity The antimicrobial activities of UIPF and FIPF against food spoilage and pathogenic skin microorganisms were evaluated by an agar disc diffusion method. The UIPF and FIPF strongly inhibited the growth of four different microorganisms, but not the growth of C. albicans (Table 1 ). In particular, the UIPF and FIPF were more effective against S. aureus and S. epidermidis when compared to the other tested microorganisms. Lm-FIPF showed higher antibacterial activity than UIPF and Ao-FIPF. Although Ao-FIPF showed weaker antimicrobial activity than UIPF, the inhibitory activities were still similar to benzoic acid at the concentration (9 μmol) against all the tested microorganisms, except for C. albicans. In contrast, UIPF and FIPF did not inhibit the growth of C. albicans, even though higher activities of miconazole, econazole, tetracycline, and benzoic acid, which have commonly been used to eradicate skin pathogenic microorganisms, were observed.
Oxidative damage causes various human diseases including cardiovascular diseases, atherosclerosis, cancer, hypertension, diabetes, as well as aging (22, 23) . Oxidative damage is a result of excessive reactive oxygen species and free radicals in the body, and it is well known that antioxidant-rich fruits reduce the risk of cardiovascular disease and cancer via attenuation of this damage (24) . Fruits are a useful source of vitamins and phytochemicals, including antioxidants.
In particular, phenolics such as flavonoids and phenolic acids in fruits have received considerable attention as antioxidants (25) . The results of this study showed that the FIPF had higher total phenolic and flavonoid contents than UIPF. In particular, a significantly higher total phenolic content in Ao-FIPF and a higher total flavonoid content in Lo-FIPF were observed when compared to that of UIPF (Fig. 1) . Phenolic compounds, including flavonoids, are widely present as glycosides in fruits (26) . Several reports have shown that A. oryzae and L. mesenteroides exert β-glycosidase activity (27, 28) . Therefore, it can be inferred that the free form of aglycones of phenolic compounds, including flavonoids, are produced by the glycosidases secreted from A. oryzae and L. mesenteroides during fermentation. We found that Lm-FIPF had a significantly higher total flavonoid content than Ao-FIPF, although the total phenolic contents were not significantly different. This result suggests that L. mesenteroides secretes specific glycosidases that hydrolyze flavonoid glycosides. The free radical-scavenging activities of UIPF and FIPF were measured using DPPH, ABTS + , hydroxyl, and superoxide radicals. The results of these in vitro tests showed that Lm-FIPF exerted greater free radical-scavenging activity than UIPF (Fig. 2 and 3) . However, Ao-FIPF showed lower free radical-scavenging activities than UIPF. Interestingly, the free radical-scavenging and reducing capacities of UIPF and FIPF were correlated with their flavonoid contents. However, antioxidative activity did not correlate with total phenolic content in UIPF. These results suggest that the free radical-scavenging activities of UIPF may have been contributed mainly by flavonoid aglycones produced from their glycosides during fermentation.
CE-OOH is present in healthy human blood plasma at a concentration of approximately 3 nM (29) . The CE-OOH overproduced from oxidation accumulates in atherosclerotic plaques as lesion progress (30) . Therefore, CE-OOH has been used as a blood plasma lipid peroxidation index (31) . In this study, we showed that Lm-FIPF more effectively inhibited CE-OOH formation during lipid peroxidation in rat plasma than both UIPF and Ao-FIPF (Fig. 4) . It indicates that the fermented immature pear fruits produced with L. mesenteroides have high inhibitory effect against CE-OOH formation associated with lipid peroxidation of rat blood plasma induced by copper ions.
Arbutin strongly inhibits mammalian and mouse melanoma tyrosinases (32) and has been widely used as a whitening agent in cosmetic products. This compound is one of the most abundant compounds in pear fruit. Therefore, the tyrosinase inhibitory activities of the UIPF and FIPF were evaluated using mushroom tyrosinase. Lm-FIPF showed higher tyrosinase inhibitory activity, while Ao-FIPF showed lower activity, compared to UIPF (Fig. 5) . The tyrosinase inhibitory activities of UIPF and FIPF were proportionally correlated with their flavonoid contents. Flavonoids such as kaempferol and quercetin have been reported to strongly inhibit tyrosinase (33) . In our previous studies, immature pear fruits showed high total flavonoid contents, and various flavonoids have been identified from the fruits (5,9). Therefore, Lm-FIPF having high total flavonoid content might effectively inhibit tyrosinase.
Infection of skin by pathogenic bacteria is the major health concern in the world. Skin and wound infections are frequently caused by pathogenic bacteria such as E. coli, P. aeruginosa, S. aureus, S. epidermidis, and C. albicans (34) . In this study, we found that UIPF and FIPFs showed antibacterial activity against E. coli, P. aeruginosa, S. aureus, and S. epidermidis, but not against C. albicans by the agar diffusion assay. Interestingly, Lm-FIPT exhibited the greatest inhibition on the growth of the four bacteria. The antibacterial activities of UIPF and FIPF correlated with their flavonoid contents, but not with their total phenolic contents. Flavonoids has been reported to have antibacterial activity via inhibition of DNA gyrase, cytoplasmic membrane function, and energy metabolism (35) . Therefore, the flavonoid aglycones of fermented immature pear fruits may be at least partially attributed to inhibition of the growth of bacteria via various mechanisms.
Lm-FIPF showed higher radical-scavenging activities, reducing power capacity, and inhibitory effect against CE-OOH formation than UIPF. Moreover, Lm-FIPF strongly inhibited tyrosinase activity and the growth of pathogenic skin bacteria, such as E. coli, P. aeruginosa, S. aureus, and S. epidermidis. The antioxidative and antimicrobial activities of the immature pear fruits may be attributed to flavonoid aglycones produced from their glycosides by fermentation. Therefore, L. mesenteroides is a fermenting microorganism that may be used to enhance antioxidative and antibacterial activities of immature pear fruits. Moreover, the fermented immature pear fruits prepared with L. mesenteroides can be used to prevent oxidative degradation in foods and to inhibit melanin synthesis and the growth of pathogenic skin bacteria in cosmetic products. Therefore, this study opens possibilities for the use of immature pear fruits, which have mostly been discarded, to improve human health.
